Hexacyanoferrate (Prussian blue, PB)/reduced graphene oxide (PB-RGO) composites with a synergistic structure (graphene/PB/graphene) and a chemical bond are fabricated using a facile one-step method that does not require any external chemical reducing agent. Here, Na4Fe(CN)6 is decomposed in an acidic solution to produce Fe2+ ions, which anchor onto the electronegative graphene oxide (GO) layers by electrostatic interaction and then reduce the GO. The formation of an FeOC chemical bond in the composite results in an excellent rate capability of the PB-RGO composite at room temperature, delivering capacities of 78.1, 68.9, and 46.0 mAh g−1 even at the high rates of 10, 20, and 50 C, with a capacity retention of 70.2%, 63.4%, and 41.0%, respectively. The composite also shows an unprecedentedly outstanding cycling stability, retaining ≈90% of the initial capacity after 600 cycles.
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this is what enables rapid acceleration. For these reasons, the design of batteries for electric vehicles should aim for a long cycle life and a high rate capability. At present, the greatest obstacle limiting the commercial application of SIBs is the lack of satisfactory electrode materials that impart the needed long cycle life and excellent rate capability. This is especially true for cathode materials, which play crucial roles in the operation of full cells.
Among the cathode materials developed recently, such as transition metal (M) oxides (Na x MO 2+y ), [10] [11] [12] [13] [14] [15] phosphates, [16] [17] [18] [19] [20] fluorides, [21] and hexacyanoferrates, [5, 9, [22] [23] [24] [25] only a few show a satisfactory cycle life of greater than 90% of the initial capacity over 200 cycles. The Na 3 V 2 (PO 4 ) 3 -carbon composites showed an excellent cycling performance with a capacity retention of ≈96% over 200 cycles. [26] [27] [28] Na 1.25 V 3 O 8 nanowires have demonstrated an impressive cycling performance, with 92% capacity retention after 1000 cycles. [29] Myung and coworkers reported that a carbon-coated NaCrO 2 cathode showed a surprising capacity retention of ≈90% at the 300th cycle. [30] Unfortunately, these cathode materials are unsuitable for commercial applications owing to toxic elements (i.e., V, Cr) containing. Recently, Prussian blue, Na x Fe 2 (CN) 6 , has attracted more attention, owing to its favorable features including environmental friendliness, low-cost as well as its stable cycle life with >95% capacity retention over 400 cycles, considered as a promising cathode candidate for actual commercialization. [9, 22, 23] The present limitation of NaFe 2 (CN) 6 for commercial utilization, however, is the inferior rate capability. To improve the Li/ Na ion transfer kinetics or the rate capability of various electrode materials, one effective approach is to prepare the composites with carbonaceous materials [e.g., 1D carbon nanotubes (CNTs), 2D graphene, etc.]. [9, 23, [31] [32] [33] [34] [35] [36] You et al. prepared Prussian blue (PB)/CNT composite which presented superior Na+ transfer kinetics even at subzero-temperature. [9] In this composite, however, the contact area between PB and CNTs is relatively less, because the PB particles are stringed together by 1D CNTs, moreover, the price of CNTs is high and not suitable for commercial application. In contrast, the cheap graphene has excellent electronic conductivity, and good mechanical properties. Particularly, its unique 2D structure can endow the active materials with more excellent rate capability due to the active particles wrapped well by electronically conductive layers. Prabakar et al. prepared PB/graphene composites by two-step Hexacyanoferrate (Prussian blue, PB)/reduced graphene oxide (PB-RGO) composites with a synergistic structure (graphene/PB/graphene) and a chemical bond are fabricated using a facile one-step method that does not require any external chemical reducing agent. Here, Na 4 Fe(CN) 6 is decomposed in an acidic solution to produce Fe 2+ ions, which anchor onto the electronegative graphene oxide (GO) layers by electrostatic interaction and then reduce the GO. The formation of an FeOC chemical bond in the composite results in an excellent rate capability of the PB-RGO composite at room temperature, delivering capacities of 78.1, 68.9, and 46.0 mAh g −1 even at the high rates of 10, 20, and 50 C, with a capacity retention of 70.2%, 63.4%, and 41.0%, respectively. The composite also shows an unprecedentedly outstanding cycling stability, retaining ≈90% of the initial capacity after 600 cycles.
Introduction
Sodium-ion batteries (SIBs) have been intensively investigated by researchers worldwide and are now viewed as promising alternatives to lithium-ion batteries (LIBs) for energy-storage systems, due to the abundant reserves, low cost, and similar electrochemical properties. [1] [2] [3] [4] [5] [6] [7] [8] [9] SIBs are expected to find extensive use in electric vehicles, but batteries for this purpose must meet stringent requirements, including a long cycle life, high energy density (requiring both high capacity and high voltage), and high power density (associated with the rate capability).
The most essential feature for batteries used in electric vehicles, second to long cycle life, is high power density, as www.advancedsciencenews.com www.small-methods.com method where the Fe 2 O 3 /graphene was first synthesized and then transferred into PB/graphene at 60 °C for 4 d with constant N 2 bubbling. [23] However, this method is so complicated, rigorous, and high energy consumption, which is not suitable for practical production.
Herein, we develop a facile, energy-efficient, and scaling up one-step method to prepare PB-reduced graphene oxide (RGO) composite with ultrafast sodium-ion kinetics. The decomposition of Na 4 Fe(CN) 6 in an acidic solution is utilized to produce Fe 2+ which can anchor onto the electronegative GO layers by electrostatic interaction and simultaneously reduce the GO. Thus, a well-organized PB-RGO composite (graphene/PB/graphene) was prepared by a facile one-step method without any external chemical reductant. Moreover, A FeOC chemical bond was successfully formed between the PB particles and the RGO during the synthesis process. This unique structure and the chemical bond endow the enhanced electrochemical performance of the PB-RGO. As a result, the PB-RGO composite showed a superb rate capability, maintaining 68.9 and 46.0 mAh g −1 at 20 and 50 C, respectively. It also showed an extremely stable cycle life, with ≈90% retention over 600 cycles. Compared to other methods, this approach was quite simple and energy-efficient. Moreover, it can in situ reduce GO without an external chemical reductant, which would eliminate the risks of residues of the reductant or byproducts arising from the reduction and would also simplify scale up for commercialization. This work proposed an versatile strategy for markedly improving the rate capability of NaFe 2 (CN) 6 , making it a promising cathode for SIBs.
Results and Discussion
The synthesis process for the PB-RGO composite is illustrated in Scheme 1. The details of the preparation process are presented in the Experimental Section. Typically, Na 4 Fe(CN) 6 •10H 2 O was dissolved in HCl aqueous solution. The GO solution and NaCl were then added under magnetic stirring, to yield a brown colloid (Figure 1a) . First, in an acidic environment, Fe 2+ is obtained from the decomposition of Na 4 Fe(CN) 6 , [37] and then anchor onto the electronegative GO layers by electrostatic interaction. Simultaneously, Fe 2+ , which has a standard reduction potential (E° = −0.77 V) can reduce GO to graphene, while it is oxidized to Fe 3+ at the same time. Subsequently, the Fe 3+ reacts with [Fe(CN) 6 ] 4− to produce NaFe 2 (CN) 6 nanoparticles, which anchor onto the graphene layer. The brown colloid changes to dark blue, and some suspension appears (Figure 1a ), indicating the reduction of GO into RGO and the formation of NaFe 2 (CN) 6 .
Small Methods 2018, 2, 1700346 Scheme 1. Synthetic process for the PB-RGO composite: a) the synthetic process and b) mechanism of reaction.
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The morphology of the PB-RGO composite was identified by scanning electron microscopy (SEM) and transmission electron microscopy (TEM). The PB-RGO composite exists in the form of microsized flakes ( Figure S1 , Supporting Information) consisting of NaFe 2 (CN) 6 nanocubes (200-300 nm in size) covered by graphene flakes (Figure 1b ). The structure of the PB-RGO composite was further characterized by scanning transmission electron microscopy (STEM). The fringes of the Prussian blue analogues, however, are difficult to visualize in high resolution TEM. [5, 22] The selected area electron diffraction (SAED) pattern, shown in Figure 1d , indicates the coexistence of diffraction rings and spots, which are assigned to graphene ((002) and (100) reflections) and NaFe 2 (CN) 6 , respectively. This supports a reduction of GO to RGO during the synthesis of NaFe 2 (CN) 6 . The elemental distribution of PB-RGO composite is detected by energy dispersive spectroscopy (EDS) mapping, as shown in Figure 1e . The distribution of the elements Na, Fe, and N conforms to the shape of NaFe 2 (CN) 6 particles, while the distribution of C shows that it has not only covered the particles, but it also exists around the particles. This demonstrates that the cubic NaFe 2 (CN) 6 was well wrapped by the graphene.
A series of characterization techniques, including X-ray diffraction (XRD), Raman spectroscopy, and X-ray photoelectron spectroscopy (XPS), were utilized to provide an in depth picture of the structure of the PB-RGO composite. Figure 2 shows XRD patterns and Raman spectra of PB-RGO composite. Clearly, all the peaks of the PB-RGO composite are indexed to the cubic phase with space group Fm-3m, which is close to the standard reported in the International Centre for Diffraction Data (ICDD) PDF-4 database (2014). Notably, the (001) peak of GO was not detected in the composite, suggesting that the GO was totally reduced to RGO during the reaction ( Figure 2a ). Raman spectroscopy was conducted to explore the reduction of GO, as shown in Figure 2b . The peaks in the range of 2000-2200 cm −1 are assigned to Prussian blue, while the peaks at 1300 and 1600 cm −1 are assigned to the D-band and G-band of carbon, respectively. Moreover, the intensity ratio of the D band to the G band of 1.36, which is larger than that of the as-prepared GO (I D /I G = 1.02), demonstrating the reduction of the GO to graphene in the composite. The high resolution C 1s XPS results also support this point, as shown in Figure 3 . The C 1s spectrum of GO can be fitted into three peaks at 284.6, 286.5, and 287.6 eV, corresponding to CC, CO, and CO groups, respectively. Moreover, the percentage of groups containing oxygen is very high (about 66.2%), as shown in Figure 3a . In contrast, the fitted peaks related to oxygencontaining groups become less significant, down to 36.6%, in the C 1s spectrum of PB-RGO composite, demonstrating that the GO has been reduced ( Figure 3b) . In summary, all the results (SAED, XRD, Raman, and XPS) demonstrate that the GO can be reduced in situ by sodium ferrocyanide (Na 4 Fe(CN) 6 ) in an acid solution to form NaFe 2 (CN) 6 and the RGO composite.
FTIR was carried out to provide a further elucidation of the structure of the PB-RGO composite, as shown in Compared with pristine PB powder, a FeOC chemical bond was formed in the PB-RGO composite. In addition, high resolution O1s XPS spectra show a peak at 531.7 eV, which is assigned to the FeOC bond, [38] suggesting formation of a chemical bond between the PB particles and the RGO in the PB-RGO composite ( Figure S2 , Supporting Information).
The reaction process was explored by preparing the PB-RGO composites with various experimental parameters, such as different concentrations of HCl (0, 0.006, 0.015, 0.09, and 0.6 m), heating temperatures (50, 60, 70, and 80 °C), and GO contents (0.5, 1, 1.5, and 2 mL), and the details are shown in Figures S3-S5 (Supporting Information). The content of RGO in the composite was determined by thermogravimetric analysis (TGA). Unfortunately, the content of RGO in the composite was difficult to determine because the decomposition temperature of Prussian blue overlapped that of RGO ( Figure S6 , Supporting Information). The content of RGO was estimated by the theoretical yield, based on the assumptions that the Na 4 Fe(CN) 6 •10H 2 O is completely converted into NaFe 2 (CN) 6 and that the GO is completely reduced to RGO. Thus, the content of RGO in the composites prepared with 2, 1.5, 1, and 0.5 mL GO was estimated as 12.3, 9.6, 6.6, and 3.4 wt%, respectively. Accordingly, the corresponding PB-RGO composites are denoted as PB-12.3RGO, PB-9.6RGO, PB-6.6RGO, and PB-3.4RGO, respectively.
The electrochemical performance of the PB-RGO composites was evaluated in half cells, using sodium as the counter electrode. All the half cells were tested in the voltage range of 2-4 V using NaClO 4 in a mixture of ethylene carbonate and diethyl carbonate (NaClO 4 /EC:DEC (1:1 v/v)) as the electrolyte. All the capacities of the PB-RGO electrodes were calculated based on the composite mass. The charge-discharges curves of the PB-RGO composites with different RGO contents are presented in Figure S7 (Supporting Information). All the PB-RGO composites showed an average voltage plateau of 3.0 V. Increases in the RGO content in the composites clearly increased the capacity of the PB-RGO composites, from 92 to 128 mAh g −1 for PB-3.4RGO and PB-9.6RGO, respectively. The capacity of PB-12.3RGO, however, decreased to 100 mAh g −1 as the RGO content continued to rise.
The same trend was observed in the potential hysteresis; that is, PB-9.6RGO showed the smallest potential hysteresis among these fabricated composites, as shown in Figure 5a . One possible reason for this phenomenon is that the electronic conductivity of a PB-RGO composite is improved by a limited amount of RGO. Below a threshold value, a higher RGO content in the composite increases the electronic conductivity. Once the RGO content exceeds this threshold amount, the electronic conductivity will decrease.
Notably, an external chemical reductant is not utilized in this method, and GO is reduced only by Fe 2+ , which is the decomposition product of Na 4 Fe(CN) 6 . The amount of Na 4 Fe(CN) 6 is also fixed in the present study during the synthesis of the various PB-RGO composites, thereby allowing the reduction of only a limited amount of GO to RGO. Thus, some residual oxygen-containing groups may exist in the GO in the PB-12.3RGO composite, resulting in a lower electronic conductivity. This hypothesis was tested by collecting Raman spectra to determine the details of RGO in the composites, as displayed in Figure S8 (Supporting Information). The intensity ratios of the D-band to the G-band, which can demonstrate the degree of reduction of RGO in the composite, are summarized in Table S1 (Supporting Information). Clearly, the PB-12.3RGO composite showed the smallest intensity ratio of the D-band to the G-band (Table S2 , Supporting Information). The EDS results for the various PB-RGO composites were also used to obtain the ratio of Na:Fe in the various composites to confirm that the cubic Prussian blue formula is NaFe 2 (CN) 6 (Table S2 , Supporting Information). The molar ratio of Na to Fe was also measured by inductively coupled plasma (ICP) analysis, and the results showed a ratio of Na to Fe of 1.04. Thus, the formula of Prussian blue in the composite can be written as NaFe 2 (CN) 6 . The rate capability of the PB-RGO composites was evaluated by testing the half cells at various current densities at room temperature, as presented in Figure 5b . The rate capability of the PB-RGO composites is clearly improved in comparison with bare PB particles due to the good electronic conductivity Small Methods 2018, 2, 1700346 Figure 5 . Electrochemical performance of PB-RGO composite. a) Charge-discharge curves of PB-RGO composites with different RGO content; b,c) rate performance of PB-RGO composites at current density of 50 mA g −1 (0.5 C); d) comparison of rate capability of PB-9.6RGO composite with other reported Prussian blue analogues; e) cycling performance of PB-RGO composites charged at 0.5 C, f) the cycling performance of PB-9.6RGO composite at current density of 200 mA g −1 (2 C).
www.advancedsciencenews.com www.small-methods.com of RGO. The bare PB showed a dramatic decline of 50% in the capacity when the cell was charged at 2 C. The samples wrapped with RGO showed a slight improvement in the rate capability of PB-3.4RGO, with a 64% capacity retention seen at 2 C. Further increase in the RGO content gave composites with better highrate performance. The PB-9.6RGO composite, in particular, shows a superior rate capability, delivering capacities of 78.1, 68.9, and 46.0 mAh g −1 , even at the high rates of 10, 20, and 50 C, respectively, corresponding to capacity retentions of 70.2%, 63.4%, and 41.0%, respectively (Figure 5c ). When compared with other reported PB composites, PB-9.6RGO showed a relatively superior rate capability (Figure 5d ), which arose from the FeOC chemical bond forming in the PB-RGO composite, which facilitates the diffusion process. We confirmed this point by mixing PB and 9.6 wt% RGO (mixed PB-9.6RGO) to test the rate capability of this mixture. The rate performance was poorer for the mixed PB-9.6RGO than for the PB-9.6RGO ( Figure S9 , Supporting Information). The cycling performance of the PB-RGO composites was measured at 0.5 C (50 mA g −1 ) after first charging at 10 mA g −1 for 5 cycles, as shown in Figure 5e . Among the tested composites, the PB-9.6RGO composite showed the highest capacity, at 98.5 mAh g −1 , and the best cycling performance, with a capacity retention of 90% over 600 cycles (Figure 5e ). Even when charged at 2 C over 3000 cycles, the PB-9.6RGO composite retained 61.0% of its initial capacity (83.3 mAh g −1 ), as shown in Figure 5f . Thus, among the tested PB-RGO composites, the PB-9.6RGO composite shows the best cycling performance and a superior rate capability. The excellent performance of the PB-9.6RGO composite was further evaluated by conducting electrochemical impedance spectroscopy (EIS) and the galvanostatic intermittent titration technique (GITT) to explore its electric conductivity and diffusion properties. The Nyquist plots of the PB-RGO composites in the charged state at 3.0 V (vs Na + /Na) are shown in Figure 6a . The impedance curves present a semicircle in the mediumfrequency range and an oblique line in the low-frequency range.
The semicircle can be fitted into two semicircles, one at high-frequency and the other in the medium-frequency region, using the equivalent circuit shown in Figure S10 (Supporting Information), which reveals the cell internal resistance (R s ) and the charge transfer resistance (R ct ), respectively. The oblique line relates to the Na + diffusion in the solid-state electrode materials. The R ct clearly continuously decreases at first with increasing RGO content in the composite (560, 544, and 432 Ω for PB-3.4RGO, PB-6.6RGO, and PB-9.6RGO, respectively) and then increases to 510 Ω for PB-12.3RGO. This suggests that the electronic conductivity is better for the PB-9.6RGO composite than for the other composites, which can explain why the PB-9.6RGO composite shows the lowest potential hysteresis and the highest capacity among the PB-RGO composites (Figure 5a) .
The D Na+ of the PB-RGO composites can be calculated from EIS, and details are in given in the Supporting Information (Figures S11-S14, Supporting Information) . A comparison of the Na + diffusion coefficients of the PB-RGO composites during the charge-discharge process is presented in Figure 6b . The PB-9.6RGO composite clearly shows the largest diffusion coefficient among the tested composites ((0.5−7.2) × 10 −12 cm 2 S −1 ). Increases in the RGO content in the composites at first increase the diffusion coefficient, but this coefficient then begins to decrease as the RGO content exceeds 9.6% in the composite. This is consistent with the trends observed in the rate capability of the PB-RGO composites. The D Na+ of the PB-RGO composites can also be calculated using the GITT method. A comparison of D Na+ for various PB-RGO composites, calculated from the GITT, is shown in Figure S16 (Supporting Information). The results also show the same tendency as that calculated from the EIS. This can explain why the PB-9.6 RGO composite possesses a superior high-rate capability when compared with the other PB-RGO composites.
A comprehensive evaluation of the PB-9.6RGO composite was also obtained by testing the half cells in a low-temperature range of −15−15 °C. The low-temperature electrochemical performance is also a crucial parameter for assessment of commercial batteries destined for use in the winter. Figure 7a presents the rate-capability of the PB-9.6RGO composite charged at various temperatures. Clearly, the rate-capability curves of the PB-9.6RGO composite indicate poorer performance when evaluations are made at low temperatures than at room temperature (Figure 5b ). This is because the ionic conductivity of the electrolyte worsens and Na + diffusion becomes sluggish at low temperature. [9] When tested at 15 °C, however, the PB-9.6RGO composite delivered a relatively high capacity of 67.1, 56.0, and 38.2 mAh g −1 at 1, 2, and 5 C, respectively. Even when the temperature was decreased to −5 °C, the capacity of Figure 7b shows the cycling performance of the PB-9.6RGO composite at 0 °C following charging at 0.5 C. The composite presents a stable cycle life with 83% retention of the initial capacity (43.4 mAh g −1 ) over 500 cycles. The PB-9.6RGO composite electrode also showed relatively good cycling performance at temperatures as high as 50 °C, with a capacity retention of 65.8% over 500 cycles, as shown in Figure S17 (Supporting Information). Therefore, not only does the PB-9.6RGO composite show outstanding rate capability and stable cycle life at room temperature, it also shows excellent cycling performance at low and high temperatures.
Conclusion
In summary, the Na ion transfer kinetics in NaFe 2 (CN) 6 was significantly improved by preparing a graphene composite. We developed a simple, one-step, and energy-efficient method to reduce GO to RGO in situ without the need for any external chemical reductant, which eliminates the risk of contamination by residual reductant or reduction byproducts. The synthesis process uses the decomposition of Na 4 Fe(CN) 6 in an acidic solution to produce Fe 2+ . The Fe 2+ then anchors onto the electronegative GO layers by electrostatic interactions and ultimately reduces the GO, while being simultaneously oxidized to Fe 3+ . The Fe 3+ then reacts with [Fe(CN) 6 ] 4− to produce NaFe 2 (CN) 6 nanoparticles, which anchor onto the graphene layer, giving a well-organized PB-RGO composite (graphene/PB/graphene). Ultimately, a FeOC chemical bond, forms between the PB particles and RGO during the synthesis process. The resulting PB-RGO composite has a great rate capability, maintaining 68.9 and 46.0 mAh g −1 at 20 and 50 C, respectively. It also shows an extremely stable cycle life, with ≈90% retention over 600 cycles. The simple one-step fabrication process itself appears very amenable to commercial scale up. This work provides a synergistic and easily scalable synthesis method that can greatly facilitate the Na ion transfer kinetics of NaFe 2 (CN) 6 , making it a promising cathode for SIBs.
Experimental Section
Synthesis of NaFe 2 (CN) 6 PB-RGO Composite: All the chemicals were purchased from Sigma-Aldrich and used without further purifying treatment. GO was prepared by a modified Hummer's method. The concentration of the obtained GO aqueous suspension was 5.34 mg mL −1 . In a typical preparation of PB-RGO composite, 126 mg (0.26 mmol) of Na 4 Fe(CN) 6 •10H 2 O was dissolved in 40 mL HCl aqueous solution (0.015 m). Then, 1.5 mL GO suspension was added into above HCl solution under magnetic stirring. After vigorous stirring for 1 h, 2 g NaCl was added into the aforementioned solution. Then, the vessel was heated in an oil bath at 60 °C for 1 h. The precipitate was collected by centrifugation and washed with deionized water and ethanol several times, followed by freeze-drying for 24 h. In this work, a series of PB-RGO composites with different GO contents of 2, 1.5, 1, and 0.5 mL were prepared, with the corresponding samples denoted as PB-12.3RGO, PB-9.6RGO, PB-6.6RGO, and PB-3.4RGO, respectively, according to the theoretically estimated RGO yield.
Synthesis of Mixed NaFe 2 (CN) 6 /Reduced Graphene Oxide (Mixed PB-RGO) Composite: RGO was prepared by hydrothermal method. The typical process was to put GO solution into the autoclave which was heated for 6 h at 180 °C. For bare PB, it was prepared at the same experimental condition as described in the Experimental Section, apart from adding GO in the solution. Then, the PB and RGO were mixed to obtain the composite containing 9.6 wt% RGO, which is denoted as mixed PB-9.6RGO. The rate capability was tested under the same condition as that used for PB-9.6RGO composite.
Characterization of the PB-RGO Composite: The crystalline structure of the active powder was characterized by powder XRD on a GBC MMA diffractometer with a Cu K α source. The morphology of the sample was investigated by field emission scanning electron microscopy (JEOL JSM-7500FA) and STEM (JEOL ARM200F). XPS was conducted using a SPECS PHOIBOS 100 Analyser installed in a high-vacuum chamber with the base pressure below 10 −8 mbar, and X-ray excitation was provided by Al Kα radiation with photon energy hν = 1486.6 eV at the high voltage of 12 kV and power of 120 W. Raman spectra were collected using a JOBIN Yvon Horiba Raman spectrometer model HR800, with a 10 mW helium/neon laser at 632.8 nm excitation in the range of 150-2000 cm −1 . The molar ratios of Na to Fe were measured by ICP analysis (Elementar Vario EL CUBE). The amount of water in the samples was determined using a Mettler-Toledo thermogravimetric analysis/differential scanning calorimetry (TGA/DSC) STARe system from 50 to 600 °C, ramped at 10 °C min −1 in Ar.
Electrochemical Testing: PB-RGO electrodes were prepared by mixing 80% active materials, 10% carbon black, and 10% carboxymethyl cellulose used as binder by weight to form an electrode slurry, which then was coated on aluminum foil, followed by drying in a vacuum oven overnight at 80 °C and then pressing with a pressure of 30 MPa. Sodium foil was cut by the doctor blade technique from sodium bulk stored in mineral oil, and it then was employed as both reference and counter electrode. The electrolyte was 1.0 mol L −1 NaClO 4 in an ethylene carbonate-diethyl carbonate solution (1:1 v/v). The cells were assembled in an argon-filled glove box. The electrochemical performance was tested with a Land Test System in the voltage range of 2-4 V (vs Na + /Na). All the capacities of the PB-RGO electrodes were calculated on the basis of composite mass. The lowtemperature performance was measured in the temperature range of −15 to 15 °C. EIS was conducted on a Biologic VMP3 at frequencies from 10 to 1 MHZ. The GITT was carried out with a pulse of 5 µA for 10 min and with 60 min interruption between each pulse. 
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